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Introduction
Radiocarbon dating is the basic method for elaborating the absolute chronology of prehistoric events in the Younger Stone Age (Walanus, Goslar 2009; Taylor et al. 2014) . Certainly, this is not an ideal method. It is characterised by a number of limitations, faults, and imperfections. Awareness of their existence varies among archaeologists and other scientists using this method. However, no method that would be a viable alternative for radiocarbon dating has been invented so far 1 1 . This is why it is very important to approach the results of radiocarbon dating correctly. These results must undergo multi-dimensional analyses and interpretations, which take into account many internal factors (i.e. arising from the me-Admittedly, this approach is only an assumption, particularly when dates do not come from the same site or context. However, the concept of a phase can be applied to many sites combined, as dates can be related to an "unordered group of events/parameters" and to "a random scatter of events between a start and an end boundary" (Bronk Ramsey online) . Moreover, the supposition of continuity of development within an archaeological unit is not an illogical idea. One can conclude that the vast majority of prehistoric phenomena were characterised by a consistent continuation and cohesiveness of development (e.g., Marsch et al. 2017) . Bayesian models have great potential to improve chronologies, but they have to be connected with critically analysed external circumstances (prior assumptions), i.a. with stratigraphic and typological contexts, as well as with already existing dating schemes of phenomena important for the issue investigated. The outcome of such procedures will quite frequently be a shortening of the timeframes of archaeological units under consideration. Chronologically, they will become more discrete units once again, and 'traditional', typological data will regain its importance. There may also be shifts in the dating of some prehistoric and historic events with respect to the common views.
To analyse problems of this kind, we decided to take into account the region of western Lesser Poland in a period that, in the local circumstances, can be called 'Middle Neolithic' (or alternatively 'Early Eneolithic'). Additionally, the 'Late Neolithic' Corded Ware culture will be utilised as a kind of 'upper' chronological boundary (Fig. 1) . The timeframe under scrutiny is the period from the late 5 th to the early 3 rd millennium BC. In this period, significant changes to settlement and economic patterns took place, but probably also within the ideological and social spheres. These changes can be described as 'Eneolithisation'. Therefore, a comprehensive chronological interpretation of archaeological facts is also important and helpful for correct anthropological and historical interpretations of these processes.
Archaeological setting
Loess uplands covered by fertile soils predominate in western Lesser Poland, so it was and still is a very favourable area for agriculture. Hence, since the beginning of the Neolithic until today the area is characterised by very dense human settlement. What is more, this area was and is located at a crossroads of main communication routes, intersecting basins of the Vistula and Oder rivers. In the Neolithic, cultuthod itself) as well as external (i.e. arising from the context of a sample, and even from the specificity of a given laboratory).
Perhaps, above all, we must remember that, the result of radiocarbon dating and calibration, is a wider or narrower time range, and not, contrary to a common view, a specific point in time. Particular segments of the range are usually characterised by varying probability.
In our analyses, we may consider dates at face value, and determine the timeframe formally covered by ranges resulting from calibration procedures. Alternatively, we can add up the probabilities of each calibrated distribution. The result will usually be similar to the previous one. If we rely on individually calibrated date ranges or sum-calibrated distributions, we usually obtain longer timeframes than expected (Marsch et al. 2017.120) , when based on typological premises. Consequently, it appears that many archaeological units, contrary to conventional patterns, develop partially or completely in parallel.
However, 14 C dates treated in this way could be misleading. Natural imperfections and the risks connected with 14 C method, compounded by the laws of statistics, can result in the emergence of extreme values. These extreme values will deviate from the most typical and ordinary ones, and therefore will not reflect the actual chronology of the context from which they originate. In other words, the actual chronological diversity is not as advanced as it could appear. In terms of the prehistoric chronology, a good illustration of this matter is the comparison of radiocarbon and dendrochronological dates, with the latter giving clearly narrower intervals (Włodarczak 2008c.Fig. 7) . In the quoted author's opinion (Wło-darczak 2008c.125-126) , uncritical acceptance of formal indications of radiocarbon dating results in an apparent lengthening of chronology and an apparent synchronicity of archaeological groupings. Based on such premises and thoughts, a 'reductionist' approach in the interpretation of radiocarbon dates may be suggested, in which extreme values are considered to be fictitious (e.g., Domboróczki 2009. 80-91; Müller 2002; Włodarczak 2008c) . Therefore, modelling procedures can also be executed which will verify whether the available set of dates is characterised by internal cohesiveness (grouping) and, in effect, may designate a compact period of time. Undoubtedly, Bayesian modelling has become the most prevalent in recent years (Bayliss 2015; Bayliss et al. 2007; Bronk Ramsey 2009a; 2009b) , and we will use it in this contribution. ral transmissions and human migration met and mingled here; they came from virtually all directions. As a result, the formation of specific, syncretic units took place fairly frequently. It was also the output area of a number of transmissions and migrations, also in virtually all directions.
Within the defined space and time, a number of archaeological units have been recorded (Fig. 1) , almost all of which are local components of large groupings belonging to different Central-European cultural traditions. As is usual in the case of the Neolithic, especially in the 'continental' (cultural-historical) approach, these units and traditions were discerned long ago on the basis of pottery. From the perspective of the Anglo-American literature they would be described rather as pottery styles, not separate entities. Indeed, there are some shared elements of 'non-ceramic' material culture. However, there also are some other elements of material culture as well as patterns of settlement systems and, particularly, of burial practices which fit with the pottery classification very well (compare Włodarczak 2017) . Thus, we are entitled to assume that in great measure this pottery classification reflects actual past divisions and categorisations.
In the early part of the period considered we are dealing with entities that belong to the last stage of the so-called Lengyel-Polgár complex (L-PC). The term is applied to groups that developed in the 5 th millennium and in the first half of the 4 th millennium BC, in the basins of the Vistula and Oder rivers (e.g., Kamieńska, Kozłowski 1990) . These groups were subjected to very strong influences from the Carpathian Basin, reflected primarily in pottery. However, from the perspective of other elements of material culture, settlement, economy, and the as yet few genetic analyses (Lorkiewicz et al. 2015; Juras et al. 2017) , they show evident connections with the first Neolithic culture in central Europe, the Linear Band Pottery culture (LBK). For this reason, they are thought to have formed a later part of the same cultural continuum, denoted as so-called Danubian Neolithic, to apply Gordon Childe's (1929.220) terminology. In Polish regions, apart from the Linear Band Pottery culture and Lengyel-Polgár complex, the Stroke Band Pottery culture is also usually in- cluded in the Danubian Neolithic. However, it is not represented in the region under consideration. Therefore, the ultimate disappearance of the LengyelPolgár complex in Lesser Poland is in fact the ultimate disappearance of the continuous development of the Danubian Neolithic, which lasted from approx. the mid-6 th millennium BC to approx. the mid-4 th millennium BC.
The late Lengyel-Polgár units in western Lesser Poland comprise the Wyciąże-Złotniki group (W-ZG) (Fig. 2) and the Lublin-Volhynian culture (L-VC) (Fig.  3) , or rather its westernmost extent, to be more precise ( Fig. 1) (Kadrow, Zakościelna 2000; Nowak 2009; 2014; Zakościelna 2010) .
The central part of our timeframe is characterised by the presence of the Funnel Beaker culture (TRB) . This culture constitutes a quite new cultural tradition, being the outcome of complicated interactions between the later Danubian Neolithic and still 'non-Neolithised' late Mesolithic societies, which took place in the south-western Baltic zone in the late 5 th millennium BC (e.g., Kabaciński et al. 2015) . In lowland parts of central Europe, it indicates the further development of the Neolithic, connected on the one hand with Eneolithisation processes, but on the other, with the inclusion of late hunter-gatherer populations in the Neolithic way of life ('second stage of neolithisation ' -Nowak 2009) . The Funnel Beaker culture differs from the Danubian Neolithic not only in pottery. Sites of this culture are dispersed more evenly in the landscape, i.e. communities of this culture settled and utilised almost all ecological zones (Fig. 1) . A number of other factors also make a difference from the Danubian Neolithic, such as: i) the emergence of big settlements with an area of 20-40 hectares, ii) the appearance of monumental burial structures, and iii) the extensive pattern of agriculture of the slash-and-burn type (Kruk, Milisauskas 1999; Milisauskas, Kruk 1984) . As a consequence of the latter factor, we have clear signs of the human transformation of the environment, mainly of deforestation. Certainly, the emergence of this culture in western Lesser Poland was associated with an impact from the Polish Lowland zone. The balance between cultural transmission and migration within this impact remains a matter of speculation.
The last part of the period under discussion is characterised by phenomena connected with the Baden culture (BaC) (Fig. 6 ), which was a unit covering basically the whole of the middle Danube basin. The Baden phenomena have an important position in the Late Eneolithic of east-central Europe, and not only because of their new ceramics. There are many new elements in settlement and economic patterns and in funeral rites; these can be linked to new social structures, both in the horizontal and vertical dimensions. For many reasons, the Baden cultural model must have been attractive. This factor makes it is possible to explain the relative cultural unification of almost the whole Carpathian Basin and some of the surrounding areas in the period c. 3600-2900 cal BC. This had also to be the reason for the enthusiastic acceptance of Baden patterns in regions situated far to the north of the middle Danube basin. This is visible in the new fashion in pottery, but also in other elements, such as the enlargement of some settlements, fortifications and collective burials.
The term 'Baden phenomena' is used here becauseas a matter of fact -at least three versions of the 'Badenian' materials can be distinguished in Lesser Poland ( Fig. 1) . Firstly, we are dealing with the Baden culture proper (Fig. 6 ) in a small area in and around Kraków (Zastawny 2015a 7) , in the more eastern part of the area under consideration (Kruk, Milisauskas 1999; Milisauskas, Kruk 1989) . Thirdly, we are also dealing with materials that combine some late Lengyel-Polgár, Baden and possibly Funnel Beaker features. They are referred to by different terms; there is no universal agreement on this matter (Burchard 1977; Godłowska 1979.305-306; Kozłowski 1971; 1989b; Włodarczak 2008b; 2013; Zastawny 2011) . The notion of 'materials of the Wyciąże/Niedź-wiedź type' (in a shorter, more convenient, version: 'Wyciąże/ Niedźwiedź materials') will be used in this contribution (Fig. 8) The development of Funnel Beaker culture and Baden phenomena (the Middle Neolithic development) seems to end with the appearance of the Corded Ware culture (CWC). It is obviously defined again by new ceramics, but frequently appear in unprecedented forms of funeral rites (barrows and niche graves). This culture, including its branch known from southern Poland, is quite commonly considered to be evidence of nomadic, pastoral populations. In contrast to previous Neolithic communities, their social structure was distinguished by a greater social stratification. The ruling social stratum, endowed with privileges, would have A B been a stratum of adult men, warriors, who were buried under barrows (Włodarczak 2006a) . There are more and more indications, including genetic ones (Allentoft et al. 2015; Haak et al. 2015) , (Kruk, Milisauskas 1983; . Hence, it was difficult to make a reasonable, both detailed and more holistic description of absolute chronology.
However, in recent years there has been a significant increase in the number of radiocarbon dates of the Middle (and Late) Neolithic in western Lesser Poland (Fig. 9) Descriptions of all the dates used for their credibility are demonstrated in Table 1 , available online at http://dx.doi.org/10.4312/dp.44. 15). The third variant is based exclusively on dates originating from the same confirmed context, but obtained only on bones and short-lived plants; such dates are labelled as group A (see Table 1 , available online at http://dx.doi.org/10.4312/dp.44.15).
Direct dating
In the case of the Lublin-Volhynian culture in western Lesser Poland, we had until recently only one radiometric date from the Bronocice site (Tab. 1.4, available online at http://dx.doi.org/10.4312/dp.44. 15), with a very broad standard deviation of 240 years (Kruk, Milisauskas 1985) . Fortunately, three other dates (Tab. 1.1-3, available online at http:// dx.doi.org/10.4312/dp.44.15) obtained on bones from the same site were published in 2016 Milisauskas et al. 2016) . Overall, all these dates formally cover a time range from c. 3950 to 3350 cal BC (Tab. 2; Fig. 10 .4312/dp.44.15) (Wasylikowa et al. 1985.53; Godłowska et al. 1987.137) . However, the number of radiocarbon dates of this group has recently increased due to archaeological investigations on road works (Tab. 1.6-14, available online at http://dx.doi.org/ 10.4312/dp.44.15). All these dates formally cover a time range from c. 4300 to 3500 cal BC (Tab. 2; Fig.  11 ). The range for six dates included in group B has the same lower limit, while the upper is about 350 years earlier (Tab. 2). No date met group A requirements.
To the Funnel Beaker culture in western Lesser Poland, we can attribute 59 radiocarbon dates (Tab. Milisauskas et al. 2016) , especially the transfer of graves VIII and XV to the Beaker/Baden assemblages. Nevertheless, we believe that the presented modelling gives the proposed categorisation a good basis. Accordingly, dates from grave XIV, XVIII and XX were included in the group of all dates of the Funnel Beaker culture, while the remaining dates are from graves with Beaker/Baden assemblages. This arrangement will also be valid in the Bayesian modelling for all dates in other parts of the contribution.
On the other hand, all nine dates were excluded from groups B and A, despite the fact that they were obtained from human bones. After all, we have to bear in mind that the above modelling of dates from these nine graves is merely an indirect indication of their cultural context. The absolute chronology of the Beaker/Baden assemblages can be analysed first and foremost on the basis of data from one site, Bronocice (Tab. 1.104-127, available online at http://dx.doi.org/10.4312/ dp.44.15) (Kruk, Milisauskas 1990; Kruk et al. 2016; Milisauskas et al. 2016) . To this set we should pos- sibly add two dates from Szarbia, a site located nearby (Tab. 1.128, 129, available online at http://dx. doi.org/10.4312/dp.44.15) (Wło-darczak 2013.379) . Formally, all these 26 dates define a fairly wide interval of c. 3350-2650 cal BC (Tab. 2; Fig. 16 ). On the other hand, the intervals based on dates included in groups B and A are shorter, being c. 3350-2790 cal BC and c. 3370-2900 cal BC, respectively. In both cases, the upper limit moved down, by 140 and 250 years.
Regarding the Corded Ware culture, we are interested mainly in dating its origins and early stages as a background to the declining development of the previously discussed units. But to do so, we must use all the dates from this culture. The absolute chronology can be determined on the basis of 24 radiocarbon dates (Tab. 1.130-153, available online at http://dx.doi.org/10. 4312/dp.44.15) (Jarosz, Włodar-czak 2007; Tunia, Włodarczak 2002; Włodarczak 2006a) . Formally, all these dates cover the period between c. 2700 and 2280 cal BC (Tab. 2; Fig. 17 ). The timeframes for groups A and B are c. 2650-2330 cal BC and 2630-2300 cal BC, respectively.
By and large, radiocarbon dates, treated directly, with no modelling, support views in light of which local branches of the late Lengyel-Polgár complex, the Funnel Beaker culture and the Baden phenomena overlap chronologically to a great extent. Admittedly, they are not always consistent with views based on individual (the earliest and/or the latest) dates or results from typological premises and stratigraphic observations.
Separate modelling
In order to determine the most precise chronological frameworks of the discussed archaeological units possible, Bayesian model simulations were performed in which dates obtained for discussed archaeological units (in three groups specified above) were treated as if they constitute one phase (see 'Intrduction'). The chronological data obtained from all of these procedures were analysed and compared. As a result, we decided to discern four kinds of interval based on the properties of generated boundaries (Tab. 2): i) as the interval based on median values; ii) as the widest possible interval, based on extreme points of the 95.4% ranges; iii) as the 'probable' 3 3 interval, based on extreme points of the 68.2% ranges; and iv) as the narrowest possible interval, based on the end point of the 95.4% start boundary and the start point of the 95.4% end boundary. However, the last version may be impossible to calculate. Modelling of the 11 dates of the Wyciąże-Złotniki group also proved to be statistically significant, as did all the particular dates (Fig. 11) amount to no more than 30 years. The same applies to group A (34 dates); in this case, the time differences do not exceed 20 years. Apart from the earliest date from Bronocice, which does not comply with the requirements of groups A or B, the same other two dates have agreement indices below 60%. In all versions, the differences from the sum-calibrated intervals are low; only in the case of the narrowest interval do they increase to 60/80 years.
Although we have only three dates which can be connected with the Wyciąże/Niedźwiedź materials, the agreement indexes of modelling are above 60% (Fig.  14) . The widest time interval is 3810-2700 cal BC; the 'probable' interval is 3410-3030 cal BC and the 'median' is based on 3330-3130 cal BC. The narrowest version cannot be calculated (Tab. 2). As may be recalled, these three dates fit groups A and B.
As a result of modelling (Fig. 15) Our analyses give rise to the two basic interpretations of an extreme character (Fig. 18) .
Firstly, we can accept the whole time or most of the time generated by the modelling procedures. In this case, all archaeological units more or less formally mesh together in time.
Secondly, we can take into account only the short segments of chronological range and reject the remaining parts of these ranges. In this case, the archaeological units would have been arranged roughly into two groups (consisting of contemporary units), and two single units. These four groupings would be ordered linearly, but there would be even breaks in the continuity of cultural development. This scenario goes to some extent back to the linear (traditional) vision of the development of archaeological units.
One group would consist of the Lublin-Volhynian culture, the Wyciąże-Złotniki group and Funnel Beaker culture. The Wyciąże-Złotniki group would perhaps appear earlier, around 4100 BC, while the Lublin-Volhynian culture would appear around 3700 cal BC. These two units would disappear around 3600 cal BC. The Funnel Beaker culture would appear at c. 3700/3650 cal BC, so it would (partly) overlap with former units in the 37 th century BC. This culture would vanish around 3300/3250 cal BC.
Another group would comprise the Baden culture and Beaker/Baden assemblages, and would be generally dated to the 31 st , 30 th and part of the 29 th cen- The Wyciąże/Niedźwiedź materials would be dated to c. 3350-3100 cal BC, which would fill the potential gap between the Funnel Beaker and the Baden cultures in the Kraków region in the late 33 rd and in the 32 nd centuries BC. A hiatus could also be postulated between the second group and the Corded Ware culture, around 2800-2650/2600 cal BC.
Combined modelling
In our next step, Bayesian models based on 153, 119 (group B) and 85 (group A) dates, were constructed using several relationships resulted from typological data, stratigraphic observations and general knowledge about Neolithic development in east-central Europe (priors). Holistic modelling is justified, because the archaeological units under considerations can depend on each other, both chronologically and territorially. Such dependencies do not appear in the separate modelling. In this arrangement, "results must be seen as dependent on the assumptions built into the chronological framework" (Bronk
Ramsey 2009b.348).
The aforementioned relationships are as follows:
Firstly, some stratigraphic observations on a few sites indicate that Lengyel-Polgár units had to be at least partially coeval with, or even later than, the early stages of the Funnel Beaker culture (Kaczanowska 1976; Kruk, Milisauskas 1985) . These observations, however, do not refer to radiocarbon dated features. Stratigraphic dependencies in Bronocice demonstrate that the earliest phase of the local Funnel Beaker culture (phase BR I) had to be older than the local Lublin-Volhynian culture (Kruk, Milisauskas 1985) . Alas, this rule can be utilised only in modelling based on all dates, because the only date of the BR I phase does not meet the requirements of groups B and A. To be clear, there are also situations of an opposite kind in Bronocice, i.e. some Lublin-Volhynian features are older than Funnel Beaker features belonging only to phases BR II or BR III.
Secondly, a comparison of general chronologies of the Funnel Beaker culture and Baden culture (Nowak 2009; Zastawny 2015a) suggests that the relationship between them is non-linear and assumes parallelism in the second half of the 4 th millennium BC.
Thirdly, in case of the beginnings of the Funnel Beaker culture, we decided to replace 'boundary' with 'sigma boundary'. This was done primarily so as to include the possible pattern of the local development of this unit, i.e. its quantitatively modest and conspicuously early beginnings (Nowak 2009) .
Fourthly, some stratigraphic relations in Bronocice (see Table 1 , available online at http://dx.doi.org/ 10.4312/dp.44.15) demonstrate younger chronology of the Beaker/Baden assemblages when compared to the Funnel Beaker culture, as well as their typological continuity. The typological data also suggest close continuity between the Wyciąże-Złotniki group and Wyciąże/Niedźwiedź materials. Hence, a 'transitional boundary' was used in these positions.
Fifthly, no elements within the materials of the Corded Ware culture in western Lesser Poland can be derived from other units (Włodarczak 2008b; 2011) . Consequently, we believe that this culture quite radically closed the earlier development and, therefore, is radically separated from earlier units.
In all models constructed under these assumptions, both indexes of agreement are over the threshold value of 60% (Tab. 3; Fig. 19 ). Three dates 'drop' below 60% in the case of the 'all dates model' and 'group B model'; in the case of the 'group A model' there are five such dates. Therefore, we can easily take these models as a basis for further analyses and interpretations. Their results have been presented in the same way as for separate modelling (Tab. 3).
For the Lublin-Volhynian culture, we obtained 3990-3100 cal BC in the widest version. The 'probable' values are 3870 and 3360 cal BC, whereas the 'median' ones are 3810 and 3470 cal BC. The narrowest interval covers only 3690-3630 BC. These values are shorter than those obtained in separate modelling, except for the narrowest one. In the modelling of group B, as expected, the origins are earlier, even by over 300 years for the widest interval. By contrast, in group A, the results are virtually identical to the modelling for all dates; differences do not exceed 30 years.
As for the Wyciąże-Złotniki group, modelling for all dates allows us to accept a very large time interval, the maximal version being 4460-3270 BC, and the 'probable' version 4370-3340 cal BC. The dates of 4110 and 3630 BC make the narrowest interval, and 4290 and 3440 cal BC the 'median' one. Modelling for the dates of group B gives similar values (a difference of no more than 50 years), except the narrowest interval, which ends 270 years earlier. There are some differences with separate modelling of several dozens or over one hundred years. Interestingly, the intervals generated in combined modelling are usually not shorter.
Regarding the Funnel Beaker culture, its earliest phase in Bronocice can be placed at the turn of the 5 th and 4 th millennia BC, or in the first quarter of the 4 th millennium BC, as modelled on the basis of one date from the Bronocice phase BR I. Unfortunately, this is the only date of this phase, and is of relatively low reliability.
The other values for the Funnel Beaker culture are very similar in all three models. The widest intervals The values of the beginning of the Funnel Beaker culture should be calculated in a slightly different way due to the other type of distribution used, as we already know. In the 'sigma boundary'/'boundary' distribution start dating, c. 3500 cal BC should be considered as the beginning of more intensive development.
We have to bear in mind that the agreement indexes of the two earliest dates of the Funnel Beaker culture (DIC-719, AA-90115, see Table 1 .16-17) in separate modelling (Fig. 12) were lower than 60%. A situation of this kind can be interpreted in two ways. Either these dates are typical deviations from the norm, appearing in numerous datasets due to the laws of statistics, or they reflect the earliest episode of the presence of a given phenomenon that was isolated in time in relation to the main, continued development. Since the whole model was statistically significant, we could in theory believe that the first alternative is more likely. Regardless, a date DIC-719, approach of this kind can also be defended for another reason. It has been proposed that in the pottery from feature 5-B6 at Bronocice (with the above-mentioned date) elements of the Lengyel-Polgár complex are visible (Kruk, Milisauskas 1983. 267, 282) . If this is the case, it is possible even to accept the idea that the date should not be bound to the TRB at all.
On the other hand, in the combined modelling, the agreement indexes of these two dates were higher than 60%, so we can say that the pattern of quantitatively modest and conspicuously early beginnings was tested successfully. Therefore, it should be recognised that dates earlier than 4900 cal BP in posteriori version are close to reality (Fig. 20) . In this case, the first Funnel Beaker culture occupation probably began around 3750 cal BC, due to the uncertainty of the date DIC-719.
The widest time interval for the Wyciąże/Niedźwiedź materials is 3630-2860 cal BC, the 'probable' interval is 3570-3040 cal BC, and the 'median' based interval gives 3440-3140 cal BC. It is not possible to calculate the narrowest interval. There are no bigger differences in the case of the group A modelling, whereas the start is placed 200/300 years earlier in the group B modelling. Differences appear with separate modelling, which are particularly visible in the group B modelling (over 100 years).
The Baden culture turned out to be delimited similarly in all models. We obtained 3130-2790/2780 cal BC in the widest versions, 3110/3100-2810 cal BC in 'probable' versions, 3000/2980-2870 cal BC in the narrowest versions, and 3070/3060-2830 cal BC in 'median' versions. The differences between separate models are negligible. Secondly, we could again take into account only short segments, 'hard cores', as it were, situated within the widest intervals, and reject their remaining parts. In such a case, archaeological units would be separated more distinctly than in the previous interpretation, and be arranged roughly into four groups consisting mostly of partly contemporary units. These four groupings would be arranged linearly, but there would be even breaks in the continuity of cultural development.
One group would consist of the Wyciąże-Złotniki group and Lublin-Volhynian culture. The former would appear at about 4200/4100 cal BC, and the latter only in the 38 th century BC. 
Discussion
While assessing which of the alternative chronological scenarios may be more akin to past reality, we should first highlight some observations and premises.
Firstly, it is very easy to notice that we are dealing with very broad chronological ranges only in the cases of those units which still have a relatively low number of dates (Lublin-Volhynian culture, Wyciąże-Złotniki group, Wyciąże/Niedźwiedź materials). On the other hand, the Funnel Beaker culture, Baden culture, Beaker/Baden assemblages and Corded Ware culture, where this is not the case, give much shorter, compact ranges. In these cultures, a good compromise seems to be values close to the 'probable' and median ones.
Secondly, it is worth noting that, while we are handling large datasets (in our case: radiocarbon dates) extreme values will almost always occur for various reasons (see Introduction). Certainly, Bayesian modelling considerably reduces this, but we cannot be sure that it does so completely.
Thirdly, we must remember that the above summaries of the direct dating, separate modelling and combined modelling are of a generalised and extreme nature. In fact, in every single case, we should take into account the specificity of local conditions. Consequently, one can also imagine some combinations of these two extremes. Thus, some units and phenomena would be limited only to 'hard cores' indeed, but some would not. In other words, in some cases, a discrete mode of cultural transformation should be recommended, but in other cases continuous development should be proposed.
To these local conditions, as we already know, typological continuations between the Funnel Beaker culture and Beaker/Baden assemblages as well as between the Wyciąże-Złotniki group and Wyciąże/ Niedźwiedź materials should be included. This means that these units had to come into contact, but on the other hand, they could not develop simultaneously for a long time. Besides, some stratigraphic observations suggest some contemporaneity between the Lublin-Volhynian culture/Wyciąże-Złotniki group and the Funnel Beaker culture. The remaining assumptions used in combined modelling (see above) are not local, but should of course also be taken into account.
Although these interdependencies had already been used in combined modelling, we are not concerned here with circular reasoning. The result of the combined modelling still gives quite a bit of uncertainty, which must still be interpreted with the application of the aforementioned local conditions. There are also no obstacles to taking these conditions into account in the falsification of direct dating and separate modelling.
Fourthly, reliable external data, referring to both absolute and relative chronology, should be included in our assessment.
Lastly, the shape of the relevant part of the calibration curve is also important for the final selection of timeframes of archaeological units under consideration.
External data are particularly important for the Lublin-Volhynian culture and Wyciąże-Złotniki group. Their extremely early beginnings, reaching almost the mid-5 th millennium BC (Figs. 18-19 (24) 2660 - in the case of the former and 3300/3200 cal BC in the case of the latter (Figs. 18, 21) , are impossible to accept in light of our knowledge on chronology of the Lengyel-Polgár phenomena. For instance, in the recent assessments of the chronology of the Early and Middle Eneolithic in the Carpathian Basin (Chmielewski 2008.72-76, 86; Nowak 2010.68-79, 82; Raczky, Siklósi 2013) , the timeframes of the Bodrogkeresztúr and Hunyadihalom cultures were placed around 4300/4200-3700 cal BC. This is of great significance, since both these cultures can be described as 'mother' units of the ceramic style of the Wyciąże-Złotniki group. Similarly, new views on the chronology of the Lublin-Volhynian culture (Chmielewski 2008; Wilk 2014; 2016) , based on the dates from western Volhynia, Nałęczów Plateau and Sandomierz Upland, supported by new schemes from the Carpathian Basin, prove that the traditionally defined phase III of this culture (actually, this is rather pottery styles, not the phase as such) should be placed between c. 4200 and c. 3700 cal BC. Phase III is important for our subject, because Lublin-Volhynian materials from western Lesser Poland belong to it.
It seems, therefore, that the second approach proposed in the summaries of separate and combined models is more correct for units which provided fewer dates. The intervals delimited by complete ranges in both models and in direct dating should be considered as indicative of approximate intervals within a segment of which given units actually developed.
Therefore, we should eliminate the long 'onsets' and 'tails' of the Lublin-Volhynian culture and Wyciąże-Złotniki group. If we also take into consideration, the shape of the calibration curve between c. 5100 and 4900 cal BP, we can accept the idea that the LublinVolhynian culture appeared in western Lesser Poland between c. 3950 and 3700 cal BC (c. 3800 cal BC could be proposed as the most probable time), because some retardation of more western areas of this culture is highly probable. However, somewhat paradoxically, this does not necessarily refer to the Bronocice site. The Lublin-Volhynian settlement could have appeared later there. Due to stratigraphic relationships, we can assume that it was later than the first phase of the Funnel Beaker culture, which we finally placed around 3750/3700 cal BC (see below). Thus, the Lublin-Volhynian culture at this site can be placed around 3700-3650/3550 cal BC. Admittedly, this chronological position is later than in the schedule developed by Kruk and Milisauskas; they recently dated the Lublin-Volhynian culture at Bronocice to 3800-3700 cal BC (Milisauskas et al. 2016.36) . Overall, the end of this culture in western Lesser Poland should be placed within the period of c. 3650-3550 cal BC, due to the plateau visible in the calibration curve for 4800-4700 cal BP.
Regarding the absolute dating of the Wyciąże-Złotni-ki group, the series of nine new 14 C dates led to the transformation of previous opinions. Two 'old' dates from Złotniki and Kraków-Pleszów suggested the late chronological position, i.e. the first half of the 4 th millennium BC, and particularly the second quarter of that millennium. It seemed even possible to extend this chronology slightly, by about 100/150 years, beyond the date of 3500 cal BC. However, new dates consequently point to an earlier period, i.e. at the second half of the 5 th millennium and the first quarter of the 4 th millennium BC. According to the results of both models (particularly the combined one), and in light of the cited external data, the start of the Wyciąże-Złotniki group should be established at between c. 4250 and 4050 cal BC, since a plateau of this length occurs in the calibration curve and retardation to the Tisza basin is reasonable. The value for the end would be within c. 3650-3550 cal BC, at the very latest, i.a. some retardation of the cultural development, when compared to the Middle Eneolithic of the Tisza basin, is again acceptable. Moreover, the shape of the calibration curve plays a similar part as in the case of the end of the LublinVolhynian culture.
In case of the Wyciąże/Niedźwiedź materials, the very modest amount of data makes it difficult to reliably characterise this unit, including its chronology. We should again employ the above-mentioned 'segment' approach. If we assume the actual presence of Lengyel-Polgár elements there, which originated from the Wyciąże-Złotniki group (Bober 2004; Furcholt, Machnik 2006.336, 339; Grabowska, Zastawny 2011.134-135) , as well as ther prevoiously mentioned shape of the calibrated curve, then its beginnings should be placed in the timeframes of c. 3650-3550 cal BC. The dating of the disappearance of these materials remains a mystery; the value of c. 3350-3100 BC can be proposed, based mainly on median values from both models confronted with a wide plateau for 4550-4450 cal BC. Nevertheless, it gives a surprisingly long period for quantitatively insignificant archaeological phenomena. It would mean that Lengyel-Polgár elements were still in use for 400 years even after their disappearance from the Carpathian Basin.
As regards other units, we have quite a different situation due to the larger sets of 14 C datings, which resulted in more compact ranges in all kinds of analyses. Therefore, it seems more probable that either the whole length of these ranges or most of them should be taken into account as the real timeframes of their existence.
As to the dawn of the Funnel Beaker culture, the combination of all analyses carried out above and the shape of the calibration curve indicate that the dates of c. 3750 and 3700 cal BC should be regarded as the most likely borders of its very beginning. The ceramic typology does not exclude this possibility (Nowak 2009.334-336 , see further references), although this date is a bit later than the commonly suggested date of 3900/3800 cal BC Milisauskas et al. 2016; Nowak 2009; Włodarczak 2006b ). However, the latter proposal was based only on single dates from 'our' area and other areas in Lesser Poland (Nowak 2006; Rybicka 2017 ) whose reliability can be challenged. The date of 3750/3700 cal BC does not contradict the above-mentioned stratigraphic relations recorded at Bronocice (see above).
The issue of the disappearance of the Funnel Beaker culture from western Lesser Poland and of the importance of the Baden influence on that process is complex. One way or another, it seems very likely that between this culture and the Beaker/Baden assemblages had to function a cultural (typological) continuity, which is well corroborated by separate and combined models. In other words, the Funnel Beaker culture proper, at least in the eastern part of the western Lesser Poland loess uplands, existed until the beginning of the Beaker/Baden assemblages. The value of 3300-3250 cal BC seems very reliable as to that transition (and remains roughly in line with the Bronocice chronology - Kruk et al. 2016; Milisauskas et al. 2016) ; however, we cannot exclude that the upper boundary of this interval of uncertainty should be moved up to c. 3100 cal BC, due to the shape of the calibration curve described in the case of the Wyciąże/Niedźwiedź materials.
The end of the Beaker/Baden can be situated at c. 2800 cal BC, based mainly on the values of medi- chronology, due to some typological constraints. Consequently, it is our belief that the range of c. 3100-2850 cal BC reflects the chronology of the Baden culture in the best way.
Admittedly, this is a shorter period than might be expected. Particularly surprising are the late origins of the Baden culture in Lesser Poland. However, credible dating indicates precisely this and no other situation. Also, the proposed time interval does not contradict the overall principles of typological development or current patterns of the absolute chronology of the Baden phenomena (Horvath, Svingor 2015; Stadler et al. 2001; Wild et al. 2001; Zastawny 2008; 2011; 2015a The possible dates of the beginnings of the Corded Ware culture, resulting from statistically significant modelling, fall within a rather broad interval between 2800 and 2500 cal BC. However, comparing the results of all analyses speaks, in our opinion, for the date of c. 2650 cal BC. We are aware that this date seems to be rather late when referring to general views on development of this unit in central Europe, including western Lesser Poland, which usually point to c. 2800 cal BC (Włodarczak 2006a) . We are also aware that the calibration curve makes it possible to alternatively refer several dates earlier than c. 3100 to c. 2850-2800 cal BC. Nevertheless, we think that the presented results of separate and combined modelling allow us to evaluate the probability of such an option as lower than the probability of the 'later' option. This problem must be analysed in depth in the future.
Conclusions
The final, modelled scheme of the absolute chronology of the discussed archaeological units in the area under consideration is illustrated on Figure 22 . This is the result of analyses which included radiocarbon, typological and contextual facts and their interpretations, as well as more or less arbitrary chronological constructions based on these facts and interpretations and on general knowledge, including the parameters of the calibration curve. It should be emphasised that this graph shows the chronology itself, not the dynamics of cultural processes. In other words, the rising and falling segments of bars reflect intervals of uncertainty in dating the beginning and end of a given unit. These bars do not necessarily mirror the 'birth', 'heyday' and 'decline' of the analysed phenomena.
This scheme unambiguously suggests both the overlapping and contiguous nature of cultural development in western Lesser Poland within the Middle Neolithic. The basic elements of this development are: 1) the Wyciąże-Złotniki group and the LublinVolhynian culture, until c. 3650-3550 cal BC; 2) the Funnel Beaker culture proper, which appeared c. 3750-3700c al BC, and existed until c. 3300-3250 cal BC, perhaps accompanied by the Wyciąże/Niedź-wiedź materials from c. 3650-3550 cal BC; and 3) the Baden culture and the Funnel Beaker/Baden assemblages from 3100 and 3300-3100 cal BC, respectively, until 2850-2750 and 2850 cal BC, withpossibly -later Funnel Beaker culture and Wyciąże/ Niedźwiedź materials, existing until c. 3100 cal BC.
There is an explicit suggestion in the final scheme that in some cases a discrete (radical) mode of cultural transformation could be proposed; and in other cases, continuous development and/or simultaneous functioning can be suggested. In the author's opinion, this arrangement (particularly the discrete one) means that some archaeological units (perhaps Baden culture and Corded Ware culture) should be considered as reflections of real units of a cultural, population, or even political nature, which were discernible to prehistoric people.
The final scheme shows that the Lublin-Volhynian culture could have coincided with the Wyciąże-Złot- With reference to the next fundamental cultural change, i.e. the appearance of the Corded Ware culture, which we use only as a kind chronological frame, we should emphasise that currently it also is difficult to point to any common or transient characteristics in the pottery of the Funnel Beaker culture, Beaker/Baden assemblages and Corded Ware culture, not to mention the Baden culture (Włodarczak 2008b.253; 2010.208, 210; 2011.215-220) , contrary to earlier hypotheses (Machnik 1966.123; Włodar-czak 2006a.90-95, 103, 105; Zastawny 2001) . As a kind of summary of this issue, we can quote the opinion by P. Włodarczak, according to which "a short period of co-existence between the two groups is possible (c. 2850 (c. -2700 , although not very likely" (Włodarczak 2008b.253) . Altogether, we take a the liberty to express the (unfashionable) view that processes connected with the disappearance of the Beaker/Baden and Baden groups and with appearance of Corded Ware groups were primarily historical (political?) processes.
"All models are wrong, some models are useful", as George Box says (Box 1979 .202 -after Bayliss et al. 2007 . Hopefully, the final model is useful for many issues, despite some controversial points. Particularly, the precise chronology of the Baden culture, and more precise chronology of the Funnel Beaker culture, Beaker/Baden assemblages, and of the beginning of Corded Ware culture should be highlighted. It is impossible to say this about the remaining units, but the proposed chronological limits can be useful for current knowledge and constitute a good starting point for further analyses and studies.
This scheme, of course, will be more or less changed if new radiocarbon and other data appear. A very recent, extremely surprising discovery of the spectacular collective grave of the Globular Amphorae culture in Koszyce (approx. 30km NE of Kraków) which is dated to c. 2900-2600 cal BC (Przybyła et al. 2013) clearly proves that in western Lesser Poland many processes and events happened in the Neolithic period, about which we have so far not acquired any knowledge and which were not even expected.
Obviously, the question posed in the title of this contribution should be answered negatively. Radiocarbon dates as such usually do not determine the actual absolute chronology of a given phenomena. They must pass a rigorous contextual analysis and modelling in combination with other dates, whereby we might be able to come closer to past reality. Extreme approaches in which we either approve only those dates which fit into our concepts or accept without any reservations almost all dates are incorrect.
